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(54) Digital recording and reproducing apparatus 



(57) In the digital recording, the recording quality 
can be changed in accordance with the kind of signal 
content, the easy-to-handle ability is better, and the 
economy of the recording medium is considered. The 
compressor (100) is set for an arbitrary fixed compres- 



sion rate in accordance with the contents of the digital 
signal or the rate is made variable with the upper limit 
fixed. In addition, the remaining amount of recording 
medium is detected, and the remaining recording time 
is calculated. 
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Description 

[0001] The present invention relates to a digital re- 
cording and reproducing apparatus that not only 
records/ reproduces digital video/audio signals, but also 
digitizes analog video/audio signals and records them 
on a recording medium, thereafter reproducing the dig- 
ital signals from the medium, then decoding them into 
the original analog video/ audio signals. 
[0002] In the home digital recording and reproducing 
apparatus, for example, a digital VTR using 6-mm width 
magnetic tape, the analog video and audio signals sup- 
plied through the input ends are replaced by equivalent 
digital signals and recorded with the picture quality 
maintained high. In this case, in order that the consump- 
tion of the tape can be reduced for long-time recording, 
the video and audio signals are digitized and further 
high-efficiency encoded (data is compressed) so that 
the amount of data can be decreased. For example, in 
the above home digital VTR that is now commercially 
available, the amount of information of video signal is 
compressed to about 1 /5 (25 Mbps) as large as the orig- 
inal 6ize and then recorded on the magnetic tape. 
[0003] An example of recording video and audio sig- 
nals as compressed digital information on a magnetic 
tape or magnetooptical disk is disclosed in JP-A-8-9330. 

[0004] However, the compressing means used in the 
home digital VTR compresses data at a constant rate 
(for example, 25 Mbps). Therefore, the recording time 
is also constant, and data can be recorded only for two 
hours on a roll of the magnetic tape intended for digital 
recording. In addition, when a television signal is re- 
ceived and recorded, it is always recorded at the same 
compression rate irrespective of the kind of programs, 
and thus there is much wastefulness. Thus, the conven- 
tional digital VTR lacks enough economy of tape con- 
sumption and consideration of whether the user can 
easily handle. 

[0005] It is an object of the invention to provide a re- 
cording and reproducing apparatus having better econ- 
omy of tape consumption and satisfactory easy-to-han- 
dle ability. 

[0006] In order to achieve the above object, according 
to one aspect of the invention, there is provided a digital 
recording and reproducing apparatus having compres- 
sor means for compressing digital video and audio sig- 
nals at an arbitrary compression rate into compressed 
data according to the signal contents, and a digital re- 
corder for recording the compressed data on a recording 
medium. 

[0007] The compressor means has a fixed compres- 
sion rate setting unit capable of setting for an arbitrary 
fixed compression rate. 

[0008] The compressor means may have a variable 
compression rate setting unit for changing the compres- 
sion rate according to the input video and audio signals, 
and an upper-limit compression rate setting unit for set- 



ting the upper limit of the compression rate. 
[0009] The compressor means may have a fixed com- 
pression rate setting unit capable of setting an arbitrary 
fixed compression rate, a remaining recording medium 
* detector for detecting the remaining amount of the re- 
cording medium, and means for changing the fixed com- 
pression rate according to the result of detecting the re- 
maining recording medium and to the scheduled record- 
ing time, 

10 [001 0] The compressor means may have a fixed com- 
pression rate setting unit capable of setting an arbitrary 
fixed compression rate, a remaining recording medium 
detector for detecting the residual amount of the record- 
ing medium, and a arithmetic operator for calculating the 
75 remaining recording time of the recording medium on 
the basis of the result of detecting the remaining record- 
ing medium and the fixed compression rate. 
[001 1 ] The recording medium may be a magnetic tape 
or disk-like recording medium. 

[0012] The apparatus may have a digital input termi- 
nal for the compressed data. 

[0013] The apparatus may have receiving means for 
receiving analog video and audio signals. 
[001 4] Also, according to another aspect of the inven- 
tion, there is provided a digital recording and reproduc- 
ing apparatus having both digital signal recorder/ repro- 
ducer and analog signal recorder/reproducer, the digital 
signal recorder/reproducer having a digital receiver for 
receiving digital video and audio signals and an infor- 
mation signal, an analog/digital converter for converting 
the analog video and audio signals into digital video and 
audio signals, a compressor for compressing the digital 
video and audio signals into compressed data, an ex- 
pander for expanding the compressed data into the orig- 
inal video and audio signals, a digital/analog converter 
for converting the digital video and audio signals into the 
original analog video and audio signals, digital recording 
means for recording the digital data or the compressed 
data on a recording medium, and a digital reproducer 
for reproducing the digital data or the compressed data 
from the recording medium, the analog signal recorder/ 
reproducer having an analog receiver for receiving a vid- 
eo signal of analog video and audio signals and an in- 
formation signal, an analog recorder for recording the 
video signal on the recording medium, an analog repro- 
ducer for reproducing the video signal from the record- 
ing medium, and a discriminator for discriminating if the 
reproduced signal from the recording medium is digital 
or analog. 

[0015] The apparatus may have demodulator means 
for demodulating the information signal, and a compres- 
sion rate changer for changing the compression rate of 
the compressor means according to the result of de- 
modulating the information signal. 
[0016] The apparatus may have memory means for 
storing the compressed data, a memory deteotor for de- 
tecting the amount of data stored in the memory means, 
and a controller for controlling the recording medium to 
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start and stop the recording/reproduction on the basis 
of the result of detecting the amount of data in the mem- 
ory. 

[001 7] The apparatus may have means for multiplex- 
ing the information signal produced from the analog re- 
ceiver and the compressed data. 
[0018] In addition, according to further aspect of the 
invention, there is provided a digital recording and re- 
producing apparatus having an analog/digital converter 
for converting analog video and audio signals into a dig- 
ital video and a digital audio signal, a compressor for 
compressing the digital video and audio signals into 
compressed data, an expander for expanding the com- 
pressed data into the digital video and audio signals, a 
digital/ analog converter for converting the digital video 
and audio signals into the original analog video and au- 
dio signals, a digital recorder for recording the com- 
pressed data on a recording medium, and a digital re- 
producer for reproducing the compressed data from the 
recording medium, the compressor having an intra- 
frame compressor, an interframe compressor, and 
means for increasing the intraframe compression data 
rate. 

In the drawings 

[001 9] Fig. 1 is a block diagram of the construction of 
a digital recording and reproducing apparatus according 
to a first embodiment of the invention. 
[0020] Fig. 2 is a block diagram of the construction of 
a video data compressor according to a second embod- 
iment of the invention. 

[0021] Fig. 3 is a block diagram of the construction of 
a digital recording and reproducing apparatus according 
to a third embodiment of the invention. 
[0022] Fig. 4 is a graph showing the operation of the 
digital recording and reproducing apparatus of the third 
embodiment of the invention. 

[0023] Fig. 5 is a block diagram of the construction of 

a digital recording and reproducing apparatus according 

to a fourth embodiment of the invention. 

[0024] Fig. 6 is a block diagram of the construction of 

a digital recording and reproducing apparatus according 

to a fifth embodiment of the invention. 

[0025] Fig. 7 is a block diagram of the construction of 

a digital of a digital recording and reproducing apparatus 

according to a sixth embodiment of the invention. 

[0026] Fig. 8 is a block diagram of the construction of 

a digital receiver. 

[0027] Fig. 9 is a diagram showing the data format of 
a digital television broadcast. 
[0028] Fig. 10 is a block diagram of the construction 
of a video/audio digital i/F 10. 

[0029] Fig. 11 is a block diagram of the construction 
of a digital recording and reproducing apparatus accord- 
ing to seventh embodiment of the invention. 
[0030] Fig. 12 is a block diagram of the construction 
of another digital recording and reproducing apparatus 



according to the seventh embodiment of the invention. 
[0031] Fig. 13 is a block diagram of the construction 
of a digital recording and reproducing apparatus accord- 
ing to a eighth embodiment of the invention. 
s [0032] Fig. 14 is a block diagram of the construction 
of a digital recording and reproducing apparatus accord- 
ing to a ninth embodiment of the invention. 
[0033] The processing of video and audio signals in 
each embodiment of the invention will be described with 
reference to the accompanying drawings. 
[0034] Fig. 1 is a block diagram of the construction of 
a digital recording and reproducing apparatus according 
to a first embodiment of the invention. 
[0035] Referring to Fig. 1 , there are shown an analog 
video signal input terminal 2, a digital signal input termi- 
nal 3, an analog audio signal input terminal 4, switch 
circuits 6, 7, an analog/digital converter 9 for a video 
signal, an analog/digital converter 10 for an audio signal, 
a video decoder 1 1 , a video data compressor 1 2, an au- 
dio data compressor 1 3, a video/audio digital interface 
1 4, a recording signal processor 1 5, a reproduced signal 
processor 16, a VTR mechanism-17, an audio data ex- 
pander 1 8, a digital/analog converter 1 9 for an audio sig- 
nal, a video data expander 20, a video encoder 21 , a 
digital/ analog converter 22 for a video signal, an audio 
signal output terminal 23, a video signal output terminal 
24, and a digital output terminal 30. 
[0036] The operation of the first embodiment will be 
described with reference to Fig. 1 . 
[0037] An analog video signal supplied from the video 
signal input terminal 2 is fed through the switch circuit 6 
to the video signal purpose analog/digital converter 
(hereinafter, video ADC) 9, and converted thereby into 
a digital video signal. This digital video signal is convert- 
ed by the video decoder 11 into digital data in accord- 
ance with, for example, ITU-R, BT. 601 (International 
Telecommunication Union, Radio Communication Cent- 
er), and fed to the video data compressor 1 2. The video 
signal converted into digital data is high-efficiency en- 
coded by the video data compressor 12 in accordance 
with, for example, MPEG2 (Moving Picture Experts 
Group 2) encoding process, and fed to the video/audio 
digital interface 14. The input signal to the video input 
terminal 2 is a video signal from a television broadcast 
receiver (not shown) or a video camera. 
[0038] An analog audio signal supplied from the audio 
input terminal 4 is fed through the switch circuit 7 to the 
audio-signal analog/digital converter (hereinafter, ADC) 
10, and converted into a digital audio signal. The digital 
audio signal is high-efficiency encoded by the audio da- 
ta compressor 13 in accordance with, for example, 
MPEG2 encoding process. The compressed audio data 
is fed to the video/audio digital interlace 14. 
[0039] The video/audio compressed data into which 
audio and video signals are already compressed is sup- 
plied from the digital input terminal 3, and fed directly to 
the video/audio digital interface 14. 
[0040] The video/audio digital interface 14 converts 
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the compressed video data, the compressed audio data 
and an information signal (for example, recording data 
and time, time code, and comments on recording 
source) into a one-channel data stream, which is then 
supplied to the recording signal processor 15. 
[0041] The recording signal processor 15 converts 
the one-channel data stream into such a recording sig- 
nal as to conform to the recording medium. The convert- 
ed signal is recorded on a magnetic tape by the VTR 
mechanism 17. 

[0042] The VTR mechanism 17 is a helical scan type 
VTR, in which the magnetic tape is wrapped around a 
rotating drum, and scanned obliquely by the magnetic 
heads mounted on the rotating drum so that data or an- 
alog video/audio signals are recorded or reproduced on/ 
from the magnetic tape. 

[0043] While the magnetic tape is used as a recording 
medium in this embodiment, the recording medium is 
not limited to the magnetic tape, but may be a disk-like 
medium. 

[0044] The reproduced signal obtained from the mag- 
netic tape by the VTR mechanism 17 is converted by 
the reproduced signal processor 1 6 into the original one- 
channel data stream, and fed to the video/audio digital 
interface 14. The one-channel data stream is separated 
by the video/audio digital interface 1 4 into video com- 
pressed data and audio compressed data, which are fed 
to the video signal expander 20 and audio signal ex- 
pander 18, respectively. 

[0045] The video signal expander 20 and audio signal 
expander 18 execute digital expansion operation in ac- 
cordance with, for example, MPEG2 (Moving Picture 
Experts Group 2) to produce video and audio digital da- 
ta. 

[0046] The video digital data is converted back into 
the luminance signal and chrominance signal (hereinaf- 
ter, YC signal) by the video encoder 21 , and converted 
by the video-signal digital/analog converter (hereinafter, 
video DAC) 22 into the analog signal, which is then pro- 
duced from the output terminal 24, 
[0047] The audio digital data is converted by the au- 
dio-signal digital/analog converter (hereinafter, audio 
DAC) 1 9 into the analog audio signal, which is then pro- 
duced from the output terminal 23. 
[0048] I n addition, the VTR mechanism 1 7 can record/ 
reproduce analog video and audio signals on the mag- 
netic tape as well as it does the compressed video/audio 
digital signals. For example, the analog audio and video 
signals can be recorded or reproduced in the same for- 
mat as in the conventional analog VHS video recorder 
or analog 8 mm video recorder. 
[0049] Moreover, the compressed video/audio digital 
signal and the analog video/audio signals can be record- 
ed together in a mixed manner on the same magnetic 
tape. 

[0050] The analog video signal reproduced from the 
VTR mechanism 17 is supplied to an analog video re- 
producing processor 32, where it is demodulated into 



the original analog video signal. Then, the original ana- 
tog video signal is fed through the switch circuit 6 to the 
video ADC 9. 

[0051] The analog audio signal reproduced from the 
s VTR mechanism 1 7 is demodulated by an analog aud to 
reproducing processor 31 into the original analog audio 
signal. The original analog signal is then supplied 
through the switch circuit 7 to the audio ADC 10. 
[0052] The digital video signal produced from the vid- 
10 eo ADC 9 is converted by the video decoder 11 into dig- 
ital data in accordance with, for example, ITU-R BT. 601 
(International Telecommunication Union, Radio Com- 
munication Center). The digital data is fed to the video 
data compressor 1 2, where it is high-efficiency encoded 
*s in accordance with, for example, MPEG2 (Moving Pic- 
ture Experts Group 2). Then, the compressed video data 
is supplied to the video/audio digital interface 14. 
[0053] The digital audio signal produced from the au- 
dio ADC 1 0 is high-efficiency encoded by the audio data 
compressor 13 in accordance with, for example, 
MPEG2. The compressed audio data is fed to the video/ 
audio digital interface 14. 

[0054] The video/audio digital interlace 1 4 converts 
the compressed video data and audio data, and an in- 
formation signal (for example, recording date and time, 
time code, and comments on recording source) into a 
one-channel data stream, which is produced from the 
output terminal 30. 

[0055] With the arrangement, according to the first 
embodiment, the video and audio signals reproduced 
from the conventional analog signal recorded magnetic 
tape (VHS video tape, 8-mm video tape) can be con- 
verted into bit-compressed digital data, and then output- 
ted to outside. 

[0056] Thus, according to the first embodiment, the 
analog video and audio signals supplied from outside or 
from a television receiver can be encoded into digital 
signals in accordance with MPEG2 and recorded/repro- 
duced on/from the magnetic tape. When the input signal 
is already a digital signal compressed in accordance 
with MPEG2, the digital signal can be recorded directly 
on the magnetic tape as it is. That is, both digital video/ 
audio signal and analog video/audio signal can be proc- 
essed by this digital recording and reproducing appara- 
tus. While the compressor and expander of MPEG2 are 
used in the first embodiment, different type of compres- 
sor/expander may be used. 

[0057] In addition, by outputting the compressed dig- 
ital video/audio signal to outside, it can be dubbed on 
the tape of another digital recording and reproducing ap- 
paratus having the same interlace as does this appara- 
tus. Recently microprocessors have been improved in 
performance, and the capacity of the memory/hard 
disks have been much increased, which in turn has im- 
proved the performance of personal computers greatly, 
thereby making it possible to easily handle compressed 
digital video/audio signals on the personal computers. 
Consequently, it is very effective to use a personal com- 
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puter so as to easily edit and process a compressed dig- 
ital video/audio signal outputted from the digital record- 
ing and reproducing apparatus. 
[0058] A second embodiment of a digital recording 
and reproducing apparatus according to the invention 
will be described below. Fig. 2 is a block diagram of the 
video compressor 12 according to the second embodi- 
ment. Referring to Fig. 2, there are shown an input ter- 
minal 50 to which non -compressed digital video data is 
applied, a control input terminal 51 for setting the com- 
pression rate, an output terminal 52 for compressed dig- 
ital video data, an information encoder 53 for compress- 
ing data, a data format generator 54 for formatting var- 
iable length data after compression, an output buffer 55 
that stores therein compressed video data and produc- 
es the compressed video data when it reaches a prede- 
termined value, a coding controller 56 for assigning the 
amount of codes and setting quantization parameters, 
a compression rate setting unit 57, a data format gen- 
erator 58 for formatting fixed-length data after compres- 
sion, and a switch circuit 59. 

[0059] While the operation according to MPEG data 
compression system will be described below, this em- 
bodiment is not limited to this compression system. Be- 
fore the description of the operation of the compressor, 
compression of video information will be mentioned first. 
For example, in the MPEG compression system, video 
data consists of three-picture information: intraframe 
coded information (I picture), interframe coded informa- 
tion (P picture) obtained by the prediction from the past, 
and interframe coded information (B picture) obtained 
by the prediction from the past and future. One unit of 
certain numbers of I, P and B pictures is called GOP 
(Group of Picture). 

[0060] The I, P and B pictures are generated by the 
following three compression means: 

(1) Compression of information using spatial corre- 
lation, 

(2) Compression of information using temporal 
(time) correlation, and 

(3) Compression of information using deviation of 
code appearance probability when coding by the 
above two compression methods. 

[0061] I n the compression of information using spatial 
correlation at (1 ) above, a single video frame is divided 
into certain blocks of pixels and each block is processed 
in accordance with DCT transform (Discrete Cosine 
Transform), thereby decomposing the single video 
frame into frequency components. After the DCT con- 
version, the DCT coefficients are divided by a certain 
value, rounded off and quantized. The compression rate 
can be increased with the increase of the divisor, but the 
quality of video image is reduced by deleting the higher 
frequency components of video information. In other 
words, if the divisor is constant, the compression rate is 
constant (compression rate fixed). The quality of video 



image can be improved by adaptively changing the di- 
visor (compression rate made variable) in accordance 
with the picture information. 

[0062] In the compression of information using the 
s temporal (time) correlation at (2) above, the pattern in- 
formation before and after the video image are very sim- 
ilar in most cases. Thus, if only the change (motion vec- 
tor) of the pattern is treated as information, the amount 
of video information to be transmitted can be greatly re- 
10 duced. 

[0063] Finally, in the compression of information using 
the deviation of the rate of appearance of code at (3) 
above, codes of short length are assigned to the DCT 
coefficients and motion vectors of high-rate appear- 
is ance, and codes of long length to those of low-rate ap- 
pearance. Consequently, the amount of average infor- 
mation can be reduced. This operation is called variable 
length coding. 

[0064] The above video compression processings are 
20 performed by the video data compressor 1 2 shown in 
Figs. 2 and 3. 

[0065] The operation of the video data compressor 1 2 

will be described with reference to Fig. 3. 

[0066] The digital video data fed from the input termi- 

25 nal 50 is supplied to the information encoder 53. The 
information encoder 53 carries out DCT conversion, 
quantization of information and extraction of motion vec- 
tor to compress the amount of information. The com- 
pressed and coded data is supplied to the data format 

30 generator 54. The data format generator 54 makes com- 
pression of information according to the deviation of ap- 
pearance rate of compressed code. Therefore, the com- 
pressed data (variable length code) that is different in 
code length depending on picture pattern, is transmitted 

35 to the switch circuit 59. 

[0067] The compressed data transmitted through the 
switch circuit 59 is fed to the output buffer 55 and pro- 
duced at the terminal 52. Each time a certain amount of 
data is stored in the output buffer 55, a trigger signal is 

40 transmitted to the coding controller 56, controlling the 
timing for coding. 

[0068] The coding controller 56 sets the assignment 
of amount of codes to the I, P and B pictures and the 
quantization parameter, and supplies control signals to 
45 the information encoder 53 and data format generator 
54. 

[0069] The compressed data produced at the terminal 
52 after the above coding operation has the average da- 
ta rate of, for example, 6 Mbps, and adaptively changes 

50 its data rate from 12 Mbps, maximum to 4 Mbps, mini- 
mum according to picture pattern of the video source. 
[0070] The data format generator 54 can set the upper 
data rate for the variable length coding. Thus, the video 
source can be high-efficiency coded with high picture 

55 quality. 

[0071] The fixed length coding will be described. The 
fixed length coding is the means for coding information 
to have a fixed data rate irrespective of picture pattern 
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of the video source. When the amount of data after cod- 
ing is smaller than a specified amount of data, invalid 
data is added to the coded data. If the amount of data 
after coding is larger than the specified amount of data, 
the picture quality after coding is lowered so that the da- 
ta rate can be always kept to be a fixed value. 
[0072] The above fixed length coding is made by the 
data format generator 58 shown in Fig. 2. 
[0073] The setting of compression rate in the above 
compression means will be described with reference to 
Fig. 2. The set compression rate is selected by the user 
or compression rate information is multiplexed with the 
vertical blanking period of a video signal or with a digital 
television broadcast program. This compression rate in- 
formation is fed through the terminal 51 to the compres- 
sion rate setting unit 57. The compression rate setting 
unit 57 sends video compression parameter set infor- 
mation to the coding controller 56. 
[0074] The coding controller 56 sets the amount of 
code to be assigned to each of the I, P and B pictures 
and the quantization parameter. The information encod- 
er 53 and the data format generators 54, 58 generate 
compressed data in accordance with the specified com- 
pression rate. While the compression rate setting proc- 
ess in the video data compressor 12 has been de- 
scribed, the audio data compressor 13 is also able to 
set the compression rate similarly. 
[0075] According to the second embodiment, the vid- 
eo data compressor 12 and audio data compressor 13 
each have two means of variable length compression 
means by variable length coding and fixed length com- 
pression means by fixe length coding. Therefore the 
compression rate can be arbitrarily set by the user or 
according to the system information. 
[0076] The data format generator 54 for variable 
length coding is able to set the upper limit of the com- 
pression rate at the time of variable length coding. Thus, 
the compression operation can be effectively made ac- 
cording to the video source. 

[0077] A third embodiment of a digital signal recording 
and reproducing apparatus according to the invention 
will be described with reference to Figs. 3 and 4. 
[0078] This embodiment can solve, for example, the 
problem that undera specified compression rate, the ca- 
pacity of the recording medium is not enough as com- 
pared with the time of the program to be recorded. 
[0079] In Fig. 3, like function blocks corresponding to 
those in Fig. 2 are identified by the same reference nu- 
merals, and will not be described in detail. Referring to 
Fig. 3, there is shown an arithmetic operator 60 that de- 
cides if all programs to be recorded can be recorded 
completely from the remaining capacity of the recording 
medium, the remaining time for recording, and the com- 
pression rate presently being specified. If the recording 
is decided to be impossible, the arithmetic operator cal- 
culates the compression rate under which the recording 
can be done on the remaining capacity of the recording 
medium, and sends the calculated rate to the compres- 



sion rate setting unit 57. 

[0080] There are also shown a remaining capacity de- 
tector 61 for detecting the amount of the remaining ca- 
pacity of the recording medium, a timer controller 62 for 
5 controlling the start and end at specified times, a tape 
speed setting unit 63 for determining the transport 
speed of magnetic tape as a recording medium, and a 
tape speed controller 64. 

[0081] The remaining capacity detector 61 detects the 
10 present amount of remaining tape, and converts this 
amount intoa remaining recording capacity value, which 
is then transmitted to the arithmetic operator 60. 
[0082] The timer controller 62 transmits the sched- 
uled recording time information to the arithmetic opera- 
15 tor 60. 

[0083] The arithmetic operator 60 decides if all pro- 
grams to be recorded can be recorded completely from 
the remaining capacity of the recording medium, the re- 
maining time for recording, and the compression rate 
presently being specified. If the recording is decided to 
be impossible, the operator 60 calculates the compres- 
sion rate under which the recording can be done for all 
the scheduled recording time, and transmits the ob- 
tained rate to the compression rate setter 57. 
[0084] The arithmetic operator 60 then computes the 
tape speed in accordanced with the changed compres- 
sion rate, and send it to the tape speed setting unit 63. 
[0085] The magnetic tape speed setting unit 63 cal- 
culates a servo parameter necessary for the tape speed 
controller from the tape speed information, and sends it 
to the tape speed controller 64, causing the controller to 
change the tape speed. Instead of lowering the tape 
speed, the magnetic tape may be intermittently driven. 
[0086] A specific example of the above operation will 
be described with reference to Fig. 4. Fig. 4 is a graph 
showing the amount of remaining tape with respect to 
recording time in the timer operation. In this graph, the 
abscissa indicates the reserved recording time ex- 
pressed in percent, and the ordinate shows the amount 
of remaining capacity of tape expressed in percent. The 
magnetic tape to be used in the timer recording starts 
recording under the compression data rate of 14 Mbps 
at the position where the tape capacity has already con- 
sumed 25% of the whole tape capacity. The tape ends 
at the time point of 75% of the whole recording time. 
[0087] This embodiment controls the magnetic tape 
not to stop at a point within the scheduled recording 
time, but stop just at the end of the scheduled recording 
time. For example, at the 50% point (the first monitoring 
point) of the scheduled recording time, decision is made 
of if the program to be recorded can be completely re- 
corded at the end of the scheduled recording time from 
the presently specified compression rate, the amount of 
remaining tape and the remaining time of the reserved 
program. 

[0088] If it is decided that the tape will end at a some 
point in time during the reserved program recording, the 
present compression rate is reduced to, for example, 
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half (for example, 7 Mbps). 

[0089] The tape speed is lowered to, for example, half 
in accordance with the change of the compression rate, 
or controlled to intermittently stop and normally move so 
that the amount of tape consumption can be decreased, s 
The above first monitoring point may be provided at a 
plurality of positions. The end of the recording can be 
approached to the tape end by providing a plurality of 
monitoring points. 

[0090] According to the third embodiment, the data io 
compression rate and tape transport speed can be 
changed according to the remaining amount of record- 
ing medium, reserved recording time and present com- 
pression rate, so that the timer recording can be pre- 
vented from being stopped at some point in time during is 
recording. 

[0091] Fig. 5 is a block diagram of the construction of 
a recording and reproducing apparatus according to a 
fourth embodiment. In Fig. 5, like function blocks corre- 
sponding to those in Fig. 1 are identified by the same 20 
reference numerals, and will not be described. Referring 
to Fig. 5, there are shown a digital compressor 100, a 
digital receiver 1 01 , a digital broadcast receiving anten- 
na 102, a switch circuit 1 03, a video signal input terminal 
1 04, an audio signal input terminal 1 05, an analog signal 25 
receiving antenna 106, an analog receiver 107, an an- 
alog recording processor 108, an analog reproducing 
processor 109, a data expander 110, a discriminator 
111, and switch circuits 1 1 2 to 1 1 3. 

[0092] The analog video signal is supplied through the 30 
video signal input terminal 104 to the video signal ana- 
log/ digital converter (hereinafter, video ADC) 9, and 
converted thereby into a digital video signal. This digital 
video signal is further converted by the video decoder 
1 1 into digital data conforming to ITU-R BT 601 (Inter- 35 
national Telecommunication Union, Radio Communica- 
tion Center). Then, the digital data is high-efficiency en- 
coded by the data compressor 100 in accordance with, 
for example, MPEG2. The output from the data com- 
pressor 100 is transmitted through the switch circuit 103 40 
to the video/audio digital interface 14. 
[0093] The analog audio signal is supplied through 
the audio signal input terminal 105 to the audio signal 
analog/ digital converter (hereinafter, audio ADC) 10, 
and converted thereby into a digital audio signal. This *s 
digital audio signal is supplied to the data compressor 
100, where it is high-efficiency encoded in accordance 
with, for example, MPEG2 to produce compressed dig- 
ital audio data. This compressed digital audio data is 
transmitted through the switch circuit 9 to the video/au- so 
dio digital interface 14. The digital signal from the data 
compressor 100 is a digital multiplex signal that has the 
video signal and audio signal to be transmitted on one 
channel in a time sharing (division) manner. 
[0094] The flow of the received digital television ss 
broadcast signal will be described. The digital broadcast 
signal received by the digital broadcast receiving anten- 
na 102 undergoes channel selection and demodulation 



process in the digital receiver 101 to produce a time- 
division multiplex signal of high-efficiency encoded au- 
dio and video signals in accordance with, for example, 
MPEG2. 

[0095] This time-division multiplex digital signal is 
transmitted through the switch circuit 103 to the video/ 
audio digital interface 14. The switch circuit 103 selects 
one of the video/audio signal from the digital receiver 
and the external video/audio signal. 
[0096] The recording on and reproduction from the re- 
cording medium will be described below. 
[0097] Here, the recording medium is a magnetic tape 
(for example, VHS tape, 8-mm tape or 6-mm tape) by 
way of example. The recording medium is not limited to 
the magnetic tape, but may be an optical disk, hard disk 
or semiconductor memory. 

[0098] The VTR mechanism 17 is a helical scan type 
VTR in which the magnetic tape is wrapped around a 
rotating drum, and obliquely scanned by the magnetic 
heads that are mounted on the rotating drum to do re- 
cording and reproducing. 

[0099] The compressed video data and audio data in 
the video/audio digital interface 14 are added with error 
correction codes and multiplexed with system informa- 
tion, such as recording date and time, time code, title of 
program other than video and audio signals. The video/ 
audio digital interface 14 transmits this multiplex signal 
on one channel to the digital recording processor 15, 
which modulates this signal into a recording signal to 
make it recordable on the magnetic tape. The modulat- 
ed signal is supplied to the VTR mechanism 1 7 by which 
it is recorded as digital data on the magnetic tape. 
[0100] The reproducing operation will be described. 
The digital signal reproduced from the magnetic tape by 
the VTR mechanism 17 is demodulated into the original 
digital multiplex data by the digital reproducing proces- 
sor 1 2, and supplied to the video/audio interface 1 4. The 
video/audio digital interface 1 4 error-corrects the digital 
multiplex data, and then decodes it into the compressed 
video data and audio data, and the system information. 
The compressed video data is transmitted from the in- 
terface 14 to the data expander 110, where it is expand- 
ed into digital video data in accordance with, for exam- 
ple, MPEG2 and to conform to ITU-R BT. 601 . The out- 
put from the expander 110 is transmitted to the video 
encoder 21. The video encoder 21 converts it into the 
digital video signal. This signal is fed to the video digital/ 
analog converter (hereinafter, DAC) 22. The output from 
the DAC is supplied through the switch circuit 113to the 
output terminal 24, from which the analog video signal 
is produced. 

[0101] The compressed audio data is expanded 
through, for example, MPEG2 by the data expander 110 
to produce time-base expanded digital audio data. This 
expanded data is supplied to the audio digital/analog 
converter (hereinafter, DAC) 1 9. The audio DAC 1 9 con- 
verts the expanded digital audio data into an analog au- 
dio signal, and supplies it through the switch circuit 112 
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to the audio signal output terminal 23. 
[01 02] A description will be made of the recording and 
reproduction of analog video and audio signals on the 
same recording medium, for example, VHS tape. An an- 
alog television broadcast signal is received by the an- 
tenna 1 06, and demodulated by the analog receiver 1 07 
into analog audio and video signals. The analog video 
and audio signals are fed to the analog recording proc- 
essor 108. The analog recording processor 108 modu- 
lates those signals into a recording signal so as to make 
them recordable on the magnetic tape by the VTR 
mechanism 17. The recording signal is supplied to the 
VTR mechanism 17 by which the analog video and au- 
dio signals can be recorded on the magnetic tape. 
[0103] The reproduction of analog video and audio 
signals from the tape will be described below. The re- 
produced signal from the VTR mechanism 17 is sup- 
plied to the analog reproducing processor 109, and de- 
modulated thereby into the original analog video and au- 
dio signals, which are then supplied through the switch 
circuits 112, 11 3 to the video output terminal 23 and au- 
dio output terminal 24. 

[0104] If the analog signals are recorded in the same 
format as on the conventional analog signal recorded 
VHS tape, this apparatus can be made compatible with 
the conventional VHS tape. The fourth embodiment of 
the invention is able to record and reproduce both ana- 
log video/audio signal and digital video/audio signal on 
the same magnetic tape. The magnetic tape is not lim- 
ited to the VHS tape, but may be 8-mm tape or 6-mm 
tape. 

[0105] A description will be made of the reproduction 
of analog video and audio signals and digital video and 
audio signals on the same magnetic tape. 
[0106] It is necessary that the digital and analog re- 
producing processors be switched depending on wheth- 
er the signal reproduced from the magnetic tape is dig- 
ital or analog. The digital recording and analog recording 
are discriminated and switched as described below. 
[0107] In the fourth embodiment, at the time of, for ex- 
ample, digital recording, a digital discrimination signal 
(that belongs to the above-mentioned information sig- 
nal) is recorded on the tape in a multiplex manner. At 
the time of reproduction, the digital discrimination signal 
is detected by the discrimination processor 111 , and the 
detected output from the processor 111 causes the 
switch circuits 112, 1 1 3 to operate. 
[0108] The above discrimination operation is not lim- 
ited to the digital discrimination signal recorded on the 
tape, but may be other means such as detection of the 
synchronizing signal pattern of digital recorded data or 
detection of the frequency band of the reproduced sig- 
nal. 

[0109] The fourth embodiment has receivers for dig- 
ital and analog television signals, and is capable of re- 
cording both digital and analog television signals on the 
same recording medium (here, VHS tape). The digital 
recording and analog recording are discriminated by the 



reproduced signal. The conventional analog video/au- 
dio reproducing processor and the digital video/audio 
reproducing processor (that expands the high-efficiency 
coded audio/video signal through, for example, 
s MPEG2) can be switched. In addition, since it has a 
high-efficiency encoder for coding analog video and au- 
dio signals through MPEG2, the analog video and audio 
signals fed from outside can be recorded in a digital 
form. While the compression and expansion through 
10 MPEG2 are applied in this embodiment, other types of 
compressor may be used without limiting to MPEG2. 
[0110] A fifth embodiment of a digital signal recording 
and reproducing apparatus according to the invention 
will be described with reference to Fig. 6. In Fig. 6, like 
*s elements corresponding to those in the first embodiment 
are identified by the same reference numerals, and will 
not be described in detail. 

[0111] Referring to Fig. 6, there are shown input 
change-over switch circuits 120, 121 , a multiplex decod- 
er 1 22 for decoding digital information (for example, dig- 
ital information contained in the vertical blanking period 
of the video signal) multiplexed on the video signal, and 
a compression rate setting unit 1 23. A feature of the fifth 
embodiment is to have a function capable of setting an 
arbitrary compression rate when the video and audio 
signals are compressed. That is, the compression rate 
can be determined according to the digital information 
multiplexed on the television signal, and the digital sig- 
nal can be compressed according to the compression 
rate, and recorded. 

[011 2] The analog video/audio signals produced from 
the receiver 107 are fed to switch circuits 120, 121 , and 
converted into digital signals high -efficiency coded ac- 
cording to, for example, MPEG2. 
[0113] The received analog video/audio signal from 
the analog receiver 1 07 is also fed to the multiplex signal 
decoder 122, which decodes the digital information sig- 
nal included in the vertical blanking period of the video 
signal. The digital information signal contains recom- 
mended recording rate setting information for each pro- 
gram, such as 12 Mbps for sport program or 4 Mbps for 
news program. The rate setting unit 1 23 determines the 
compression rate of the data compressor 1 00 according 
to this recommend information. 
[011 4] Moreover, the digital information signal may be 
an information signal containing kinds of program (for 
example, music program, sport program, movie pro- 
gram or news program). The user can decide the record- 
ing rate for each kind of program. 
[0115] According to the fifth embodiment, since the 
compression rate can be automatically changed accord- 
ing to the information signal contained in the television 
signal, appropriate compression rate and picture quality 
can be automatically selected according to the program. 
Also, the compression rate can be set for each kind of 
program that is selected by the user. As a result, the 
program of news or the like can be recorded on the re- 
cording medium under a lower value of the compression 
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rate, for example, 4 Mbps, and the program of sport or 
music containing fast motions can be recorded on the 
recording medium under a higher value of the compres- 
sion rate, for example, 12 Mbps. That is, the recording 
medium can be effectively used for recording under dif- 
ferent compression rates. 

[0116] The sixth embodiment of a digital signal re- 
cording and reproducing apparatus according to the in- 
vention will be described with reference to Fig. 7. In the 
sixth embodiment, the data rate of the digital video and 
audio signals is converted into an arbitrary value accord- 
ing to the information signal that contains a recommend- 
ed recording rate signal and that is included in the digital 
television broadcast, and the digital signals are record- 
ed under this data rate on the recording medium (here, 
VHS tape). In Fig. 7, like elements corresponding to 
those in the first embodiment are identified by the same 
reference numerals, and will not be described in detail. 
[0117] Referring to Fig. 7, there is shown a rate con- 
verter 130 that has a function to further compress the 
input digital video/audio data at a compression rate and 
produce it. This means can be achieved by once ex- 
panding the compressed digital video/audio data and 
then again compressing the information at a set com- 
pression ratio. It may be attained by use of the means 
for decimating the number of video frames. 
[01 1 8] The data format of the digital television broad- 
cast will be described with reference to Fig. 9. The data 
of a digital broadcast is formed of predetermined groups 
of data (packets), and the data length of each packet is 
204 bytes. The packet has a TS header 150 indicating 
the head of the packet, an adaptation field 1 51 indicating 
additional information about an individual stream, a pay- 
load 152 indicating video/audio/service information, and 
an error correction code 1 53. The packets of 204 bytes 
each are multiplexed in a time sharing manner to form 
a sequence of a multiplex stream such as video A, video 
B, audio A, audio B, program content, time information, 
program schedule, reception control A, and reception 
control B. 

[0119] Fig. 8 shows the construction of the television 
receiver. Referring to Fig. 8, there are shown a digital 
satellite broadcast receiver 140 (capable of receiving 
digital terrestrial wave broadcast), a descramble proc- 
essor 1 41 , a packet selector 142, a rate selection signal 
generator 1 43, an information discriminator 1 44 for dis- 
criminating information within the packet, and a rate set- 
ting content 145. 

[0120] The satellite broadcast receiver 140 receives 
a digital television broadcast, and supplied it to the de- 
scramble processor 1 41 where the received signal is de- 
scrambled. The packet selector 142 selects a program 
which the user desires or a packet corresponding to an 
information program, and produces the digital video/au- 
dio data from an output terminal 1 47. Also, the additional 
information is supplied to the discriminator 1 44. The dig- 
ital broadcast contains a distinctive program guide that 
has SDT (Service Description Table: channel numbers), 



EIT (Event Information Table: titles of program), pro- 
gram start time/end time, and story of programs. The 
reception control packet shown in Fig. 9 contains, for 
example, kinds of programs (news, movies, music, and 
5 sport) or recording rate information for each broadcast 
program. The discriminator 1 44 sorts these kinds of pro- 
grams. If the user sets a particular recording rate for 
each of the kinds of programs shown at the rate setting 
content 145 in Fig. 8, the set signal is transmitted to the 
10 rate selector 143, and the corresponding recording rate 
setting signal is produced from an output terminal 146. 
While the user selects a recording rate for each kind of 
programs as described above, the recording rate setting 
signal can be automatically produced from the output 
f£ terminal 146 irrespective of the selection by the user 
when the recording rate for each program is contained 
in the reception control packet. 
[0121] Then, it is necessary to change the recording 
data rate of the VTR mechanism 17 when the recording 
data rate is altered. Since the VTR mechanism 17 has 
a fixed recording rate, the recording data rate is appar- 
ently changed. For this purpose, for example, the tape 
speed is lowered or the tape is intermittently driven as 
described below. 

[01 22] The tape is caused to start and stop by the vid- 
eo/audio digital l/F 1 4. 

[0123] The construction of the video/audio digital l/F 
14 will be described with reference to Fig. 10. 
[0124] Referring to Fig. 10, there are shown a digital 
video/audio data input terminal 160, a digital video/au- 
dio data output terminal 161 , an output terminal 162 for 
a tape-start/stop signal, an input terminal 163 for a re- 
produced digital signal, an output terminal 164 for an 
recording digital signal, a digital signal processor 165, 
a buffer memory 1 66 for temporarily storing digital video/ 
audio data, a FULL detector 167 for detecting the filled 
state of the buffer memory 1 66, a digital recording signal 
generator 168, and a digital reproduced signal genera- 
tor 169. 

[0125] When digital video/audio data is supplied at a 
data rate of, for example, 4 Mbps from the input terminal 
160 to the video/audio digital l/F 14, the recording op- 
eration is performed as described below. 
[01 26] The data rate at which the VTR mechanism 1 7 
records and reproduces data is assumed to be 1 2 Mbps. 
The digital video/audio data of 4 Mbps is sequentially 
stored in the buffer memory 1 66. The FULL detector 1 67 
detects that the buffer memory has reached the full 
state, and supplies a tape start/stop signal from the out- 
put terminal 162. At the same time, the FULL detector 
167 orders the buffer memory 166 to send the digital 
data to the digital recording signal generator 168. All the 
data in the buffer memory 166 is recorded, and then the 
buffer memory 166 is caused to again start the storing 
operation. 

[0127] The reproducing operation is intermittently 
performed as is the recording operation. Although the 
data rate of the VTR mechanism 17 is apparently re- 
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duced by the start/stop operation of the magnetic tape, 
this embodiment is not limited to this system. 
[0128] According to the sixth embodiment, since the 
received digital video/audio data can be recorded at a 
compression rate different from that received according 
to the information contained in the television signal of 
the digital broadcast, the recording medium can be ef- 
fectively used. 

[0129] A seventh embodiment of a digital recording 
and reproducing apparatus according to the invention 
will be described with reference to Fig. 11. In Fig. 11, 
like elements corresponding to those in the first embod- 
iment are identified by the same reference numerals, 
and will not be described in detail. 
[0130] Referring to Fig. 11 , there are shown a display 

170 for displaying the remaining tape recording time 
with respect to compression rate, an arithmetic operator 

171 for calculating the remaining tape recording time 
with respect to compression rate from the compression 
rate information and remaining amount of tape, and a 
remaining tape detector 1 72. 

[0131] The seventh embodiment of the invention has 
the function to display on the display 170 the remaining 
tape recording time according to the recording data rate 
of the data compressor 100, thereby notify the user of 
this fact. The remaining tape detector 172 in Fig. 11 can 
calculate the remaining amount of tape from the tape 
transport speed of the VTR mechanism 17 and the an- 
gular velocity information of the take-up reel and supply 
reel. The calculated information of remaining amount of 
tape is sent to the arithmetic operator 171. 
[0132] The compression data rate set by the com- 
pression rate setter 123 is transmitted to the arithmetic 
operator 171 . The remaining recording time is calculat- 
ed from the remaining amount of tape and compression 
data rate. The calculated remaining recording time is in- 
dicated on the display 170. The seventh embodiment 
can be applied to the sixth embodiment. 
[01 33] Fig. 1 2 shows the arrangement of the applica- 
tion of the seventh embodiment to the sixth embodi- 
ment. The recommended recording data rate contained 
in the information signal received by the digital receiver 
1 01 is supplied to the data rate converter 1 30. The rate 
converter 130 supplies the recording data rate to the 
arithmetic operator 1 71 . The remaining tape information 
is detected by the remaining tape detector 1 72, and sent 
to the arithmetic operator 171. The remaining tape in- 
formation is detected by the detector 1 72 and fed to the 
operator 171 . The remaining recording time is calculat- 
ed from the remaining tape information and compres- 
sion data rate information. The remaining recording time 
is indicated on the display 1 70. 
[01 34] The seventh embodiment is able to display the 
remaining tape recording time according to the com- 
pression recording data rate, and improve the ease with 
which the user handles the apparatus. 
[0135] An eighth embodiment of a digital signal re- 
cording and reproducing apparatus according to the in- 



vention will be described with reference to Fig. 1 3. Fig. 
13 is a bock diagram of the construction of the digital 
signal recording and reproducing apparatus of this em- 
bodiment. In Fig. 13, like elements corresponding to 
5 those in Fig. 1 1 are identified by the same reference nu- 
merals, and will not be described in detail. 
[01 36] The analog television signal to be broadcasted 
has a digital information signal contained in the vertical 
blanking period. The analog television signal contains, 
io for example, caption information, weather forecast in- 
formation, and stock price information. The eighth em- 
bodiment proposes the digital recording and reproduc- 
ing apparatus that records the above digital information 
signal multiplexed with the digital compressed data of 
is video and audio signals. 

[0137] The operation of this apparatus will be de- 
scribed with reference to Fig. 13. 
[0138] The analog video/audio signal produced from 
the analog receiver 107 is supplied to the multiplex sig- 
nal decoder 122, where it is demodulated into the digital 
information contained in the vertical blanking period of 
the video signal. The digital information is supplied to 
the data compressor 100. The data compressor 100 
multiplexes the compressed digital video data and dig- 
ital audio data, and the digital information data as a dig- 
ital signal on a single channel. The digital signal is trans- 
mitted through the switch 103, video/audio digital inter- 
face 14 and digital recording processor 15, and record- 
ed on the magnetic tape. 

[0139] In reproducing operation, the above informa- 
tion signal is processed by the data expander 110 so 
that it can be displayed superimposed on the digital vid- 
eo signal, thus the user being able to watch the infor- 
mation signal together with the video information on the 
display. 

[01 40] In the eighth embodiment, as described above, 
the information signal contained in the vertical blanking 
period of the television signal produced from the analog 
receiver 107 can be demodulated into the digital signal, 
and recorded to be multiplexed with the digital video and 
audio signals in a time sharing manner, thus improving 
the ease with which the user handles the apparatus. 
[0141] A ninth embodiment of a digital signal record- 
ing and reproducing apparatus according to the inven- 
tion will be described with reference to Fig. 14. Fig. 14 
is a diagram to which reference is made in explaining 
the video information compressing operation of this em- 
bodiment. 

[0142] Here, the MPEG compression is utilized as an 
example. In the MPEG compression system, the video 
data is composed of three video information: intraf rame 
coded information (I picture 187), interframe coded in- 
formation (P picture 189) predicted from the past, and 
interframe coded information (B picture 188) predicted 
from the past and future. The I picture 187, P picture 
189 and B picture 188 constitute a block (GOP 190) 
formed of a certain number of pictures. 
[0143] In the MPEG compression system, one GOP 



25 



30 



35 



40 



45 



50 



10 



19 



EP0 936 819 A2 



20 



1 90 includes, for example, 1 0 B pictures 1 88, four P pic- 
tures 189, one I picture 187. Since the B, P pictures have 
video data not coded within the frame, it is necessary to 
create a single frame picture from the adjacent pictures 
located before and after or from the previous picture. s 
[0144] The I picture is intraframe coded information of 
video data, and hence can be displayed as it is. How- 
ever, since the I picture has a large amount of informa- 
tion as compared with B, P picture, the rate of occupa- 
tion of I picture within the GOP is generally reduced. 10 
Therefore, since it takes a certain time to produce a vid- 
eo image because of the property of the MPEG data, 
instantaneous production of image cannot be expected. 
[0145] Thus, the ninth embodiment of the invention 
arbitrarily changes the proportions of I picture 187, P is 
picture 189 and B picture 188 within the GOP 190 in the 
recording start region or certain region of the tape, there- 
by achieving instantaneous production of image at the 
same time as the tape starts to be reproduced. 
[0146] Fig. 14 shows one example of the magnetic 20 
tape recorded by the ninth embodiment and the propor- 
tions of the I picture 187, P picture 189, B picture 188. 
In Fig. 14, at the center, there are shown regions 1 80 to 
186 on the magnetic tape 186. In each of the regions 
180+181, 182+1 83 and 184+185 is recorded three pro- 25 
grams. The proportions of I picture 187, P picture 189, 
and B picture 188 in each of the regions 180 to 186 are 
the same GOP format that is formed of one I picture, ten 
B pictures, and four P pictures as illustrated on the un- 
derside of the magnetic tape 1 86. In this embodiment of 30 
the invention, since the GOP format of the recording 
start region 180, 182, 184 of each program includes five 
I pictures, 0 B picture and ten P pictures, the compres- 
sion rate is increased, resulting in the reduction of the 
time from the tape reproducing start to video image pro- 3S 
duction. If the data transfer speed and the capacity of 
the recording medium are permitted, the GOP can be 
filled only by I pictu res, so that the image production time 
can be decreased. The GOP format is not limited to the 
above proportions, but may be any combination of those *o 
pictures. 

[0147] The assignment of the amount of code to the 
I, B, P picture and the setting of quantization parameter 
are performed in the coding controller 56 of the video 
data compressor 12 as previously described with refer- *s 
ence to Fig. 2. Therefore, the setting for increasing the 
compression rate can also be made in this coding con- 
troller 56. 

[0148] Thus, according to the ninth embodiment, the 
image production time from the start of reproduction to so 
the image production can be greatly reduced by increas- 
ing the proportions of I picture or P picture within the 
GOP in the recording start region or certain region of the 
magnetic tape. 

[0149] While the above embodiments are given for ss 
explaining the invention, the present invention is not lim- 
ited to those embodiments, but may be differently 
changed without departing from the scope of the inven- 



tion. In addition, the structure of each part of the inven- 
tion is not limited to the above embodiments, but may 
be modified in various ways within the scope of the in- 
vention. 

[0150] While the digital signal recording and repro- 
ducing apparatus of each embodiment uses a magnetic 
tape as a recording medium, the recording medium may 
be a disk-like recording medium, such as a magnetoop- 
tical disk or hard disk. 

[0151] The digital signal recording and reproducing 
apparatus of the invention, as described above, is able 
to encode analog video and audio signals or those pro- 
duced from a television receiver into the MPEG2 format, 
and record those data on or reproduce from the mag- 
netic tape. In addition, the digital signal in which the vid- 
eo and audio signals are already compressed and con- 
verted into the MPEG2 format can be recorded directly 
on the magnetic tape. That is, the digital signal recording 
and reproducing apparatus of the invention can handle 
both digital signal and analog signal. 
[0152] Moreover, the apparatus of the invention is 
able to reproduce the conventional analog-recorded 
magnetic tape (VHS video tape, 8-mm video tape or the 
like), and convert the analog video and audio signals 
into digital data of MPEG2 format, which can be supplied 
to the outside of the apparatus so that those digital data 
can be dubbed with the picture quality little degraded. 
[01 53] Also, the video data compressor 1 2 and audio 
data compressor 1 3 each having two means of variable 
length compressing means for variable length coding 
and fixed length compressing means for fixed length 
coding are able to arbitrarily set the compression rate 
by the user or according to the system information. 
[0154] In addition, the data format generator 54 for 
variable length coding is able to set the upper limit of 
the compression rate at the time of variable length cod- 
ing, and efficiently make compression operation accord- 
ing to the video source. 

[0155] In addition, the compression rate of data and 
tape speed can be changed according to the remaining 
medium information, reserved recording time informa- 
tion and present compression rate, thereby preventing 
the timer recording from being stopped on the way of 
recording. 

[0156] Also, the analog and digital television signals 
produced from the receivers capable of receiving those 
signals can be recorded on the same recording medium 
(here, VHS tape). The digital recording and analog re- 
cording can be discriminated according to the repro- 
duced signal so that the reproduction of the convention- 
al analog video and audio signals and the reproduction 
of the digital video and audio signals (for example, the 
audio and video signals coded in MPEG2 with high ef- 
ficiency are expanded) can be switched. In addition, the 
encoder for coding the analog video and audio signals 
in MPEG2 with high efficiency is provided to make it pos- 
sible to digitally record the analog video and audio sig- 
nals supplied from outside. 
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[0157] Moreover, the compression rate can be auto- 
matically changed according to the information signal 
contained in the television signal, and thus the appro- 
priate compression rate and picture quality can be au- 
tomatically selected according to the program. In addi- 
tion, the compression rate can be set at each kind of 
program which the user selects. As a result, the news 
program can be recorded with the compression rate re- 
duced to, for example, 4 Mbps, and the sport program 
or music program with fast motion can be recorded with 
the compression rate increased up to 12 Mbps, so that 
the recording medium can be effectively used. 
[01 68] I n addition, the digital video and audio data can 
be recorded at a different compression rate from that of 
the received data according to the information contained 
in the digital broadcast television signal. Thus, the re- 
cording medium can be effectively used. 
[0159] Moreover, since the remaining recording time 
of the magnetic tape can be displayed with respect to 
the compression recording data rate, the ease with 
which the user handles the apparatus can be improved. 
[0160] Also, the information signal contained in the 
vertical blanking period of the television signal produced 
from the analog receiver 107 can be demodulated into 
a digital signal and recorded together with the digital vid- 
eo and audio signals in a time sharing manner, thus 
making it possible to improve the ease with which the 
user handles the apparatus. 

[0161] Furthermore, the image production time from 
the reproduction operation can be-greatly reduced by 
increasing the proportion of the I picture or P picture 
within the GOP in the recording start region or certain 
region of the magnetic tape. 



Claims 

1 . A digital recording and reproducing apparatus com- 
prising: 

a compressor (12, 13, 100) for compressing 
digital video and audio signals at a compres- 
sion rate arbitrarily set in accordance with the 
signal contents; and 

a digital recorder (17, 15, 16, 14) for recording 
said compressed data on a recording medium. 

2. A digital recording and reproducing apparatus ac- 
cording to claim 1 , wherein said compressor has a 
fixed compression rate setting unit (58) for setting 
an arbitrary fixed compression rate. 

3. A digital recording and reproducing apparatus ac- 
cording to claim 1, wherein said compressor has a 
variable compression rate setting unit (54) for 
changing said compression rate in accordance with 
said input video and audio signals, and for setting 
the upper limit of said compression rate. 



4. A digital recording and reproducing apparatus ac- 
cording to claim 1 , wherein said compressor has a 
fixed compression rate setting unit (58) for setting 
an arbitrary fixed compression rate, said apparatus 

s further comprising: 

a remaining recording medium detector (61 ) for 
detecting the remaining amount of said record- 
ing medium; and 
to an arithmetic operator (60) for changing said 

fixed compression rate in accordance with the 
result of detection of said remaining amount of 
said recording medium, and a scheduled re- 
cording time. 

is 

5. A digital recording and reproducing apparatus ac- 
cording to claim 1 , wherein said compressor has a 
fixed compression rate setting unit (58) for setting 
an arbitrary fixed compression rate, said apparatus 

20 comprising: 

a remaining recording medium detector (61 ) for 
detecting the remaining amount of said record- 
ing medium; and 
25 an arithmetic operator (60) for calculating the 

remaining recording time of said recording me- 
dium from the result of detecting said remaining 
amount of said recording medium, and said 
fixed compression rate. 

30 

6. A digital recordihg and reproducing apparatus ac- 
cording to claim 1 , wherein said recording medium 
is a magnetic tape or disk-like recording medium. 

35 7. A digital recording and reproducing apparatus ac- 
cording to claim 1 , further comprising a digital input 
terminal (3) for said compressed data. 

8. A digital recording and reproducing apparatus ac- 
40 cording to claim 1 , further comprising: 

an analog reproducing processor (31, 32, 109) 
for processing reproduced analog video and 
audio signals from said recording medium hav- 
45 ing recorded thereon said analog video and au- 

dio signals; and 

an analog/digital converter (9, 10) for convert- 
ing said reproduced analog video and audio 
signals into a digital signal, said converted dig- 
50 ital signal being supplied to said compressor. 

9. A digital recording and reproducing apparatus com- 
prising: 

55 a digital receiver (1 01 ) for receiving a digital sig- 

nal and an information signal associated there- 
with; 

a compressor (100) for compressing said re- 
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ceived digital video and audio signals at an ar- 
bitrarily set compression rate into compressed 
data in accordance with the signal contents; 
and 

a digital recorder (17, 15) for recording said s 
compressed data on said recording medium. 

10. A digital recording and reproducing apparatus ac- 
cording to claim 9, further comprising: 

10 

a demodulator (122) for demodulating said in- 
formation signal; and 

a compression rate changer (1 23) for changing 
the compression rate of said compressor in ac- 
cordance with the result of demodulating said is 
information signal. 

11. A digital recording and reproducing apparatus ac- 
cording to claim 9, further comprising: 

20 

a memory (166) for storing said compressed 
data; 

a memory detector (167) for detecting the 
amount of data stored in said memory; and 
a controller (1 4) for controlling said recording 25 
medium to start and stop the recording and re- 
production operations based on the result of 
detecting the amount of data in said memory. 

12. A digital recording and reproducing apparatus com- so 
prising: 

a compressor (12, 13, 100) for compressing 
digital video and audio signals into compressed 
data at an arbitrarily set compression rate ac- 3$ 
cording to the signal contents; and 
a digital recorder (17, 15) for recording said 
compressed data on a recording medium, said 
compressor having intraframe compressing 
means and interframe compressing means, *o 
said compressed data at a recording start po- 
sition or end position of said recording medium 
being processed to increase the intraframe 
compression rate. 
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